1. Introduction {#s0005}
===============

In developing countries, agriculture sector is considered as a main pillar of economy for their development ([@b0210]) and Phosphorus (fos'furus = light-bearing) is a second major macronutrient that required for plant growth and development because it is involved in basic biological functions such as cell division, nucleic acids synthesis, photosynthesis and respiration, energy transfer and in the formation of oils, sugars and starches ([@b0015]). Naturally, 100--1000 g/acre phosphorus is present in soil but this P is not available for plants uptake and consequently severely affects crop productivity ([@b0015]). Therefore, to compensate P shortage in soil and to ensure maximum crop production, an excessive use of chemical P fertilizer is a current agriculture practice in all over the world. Globally, more than 175.5 million tons of chemical fertilizer is used in agriculture to obtain optimum yield of crops ([@b0055]). Nevertheless, only 5--25% applied P will be absorbed by plants while remaining 75--95% persist in soil in insoluble form ([@b0180]). It causes adverse effects on soil matrix, on their ecological functions and activities of rhizospheric bacteria ([@b0115], [@b0110]). In addition, the main source of phosphate is phosphate mines and top producers of phosphate fertilizers are United States, China and Morocco ([@b0060]). Due to human interference, these natural resources of phosphate are speedily consumed and have reached at planetary limit ([@b0160], [@b0035]). The continuous input of chemical fertilizer in particular soil not only reduces their nutrient status but also hazardous for sustainable crop production and environment ([@b0165]). The high cost of fertilizers is another major problem for developing countries ([@b0125]).

The above consequences showed the requirement of effective strategies against synthetic fertilizers especially Phosphorus management in soil and it is a need of time to find out the alternate of these agrochemicals. In this regard, Soil microorganisms play remarkable role in improvement of crop productivity and soil health ([@b0095], [@b0210]). Therefore, soil microorganisms are used as microbial inoculants/biofertilizer as alternative of chemical fertilizers since 1950s ([@b0175]). Because they perform various chemical and biological activities that improves crop health and productivity without causing any harm in ecosystem ([@b0215]). Phosphate solubilizing rhizobacteria play vital role in accumulation and transformation of phosphate to plant roots. Mostly phosphorus is absorbed during vegetative growth and this absorbed form of phosphorus is re-trans located in seeds and fruits ([@b0050]). It has been worldwide reported that by implementation of phosphate solubilizing bacteria inoculum increase growth and yield of many crops like wheat, maize and sweet potato ([@b0030], [@b0210], [@b0130]). In Pakistan *Triticum aestivum* used as a staple food and it is the third most cultivated cereal crop in all around the world. The adequate supply of phosphorus increases wheat growth while decrease in phosphate availability will reduced wheat yield ([@b0145]).

In view of above background, the aim of our study is the isolation of PSRB from different rhizosphere of plants, their identification and evaluation on the basis of plant growth promoting activities and development of sodium alginate beads biofertilizer for enhancement of wheat growth and nutrition.

2. Materials and methods {#s0010}
========================

2.1. Rhizospheric soil sample collection {#s0015}
----------------------------------------

This research was conducted in department of Microbiology and Molecular Genetics, The Women University Multan, Pakistan. Total 70 rhizospheric soil samples were collected from various regions of south Punjab, Pakistan i.e. Multan, Khanewal, Vehari, Lodhran, Shujabad, Bahawalpur and Muzzaffergarh. These soil samples were collected in sterile polythene bags and brought into laboratory and stored at 4 °C for further analysis ([@b0120]). Physiochemical characteristics of collected rhizospheric soil such as soil texture, pH, temperature, and electrical conductivity were also determined.

2.2. Isolation, selection and purification of phosphate solubilizing rhizobacteria {#s0020}
----------------------------------------------------------------------------------

For isolation of bacterial colonies, one gram of rhizospheric soil was dispersed in 9 ml of distilled water for each sample separately, vortex it and made up to 10^−6^ folds by serial dilution method. 0.1 µl suspension was spread on NBRIP medium ([@b0140]) that amended with tri calcium phosphate (TCP 5.0 g/L) as a sole source of P and incubated at 37 °C for 7 days. The bacterial colonies with clear halo zone was picked and purified. The purified colonies were further maintained on L-agar plates and stored in refrigerator at 4 °C. Cultures were refreshed after every 15 days. Final selection of efficient PSRB was done by measuring of phosphate solubilizing index (PSI) of bacterial culture spots on NBRIP agar plate according to formula PSI = C + Z/C ([@b0150]). In equation C = Colony diameter; Z = Halo zone diameter.

2.3. Quantitative estimation of phosphate solubilization {#s0025}
--------------------------------------------------------

For quantitative estimation of phosphate solubilization, vanadomolybedate phosphoric method was used ([@b0080]). For this purpose NBRIP broth taken in 250 ml flask, inoculated with 24 h fresh bacterial cultures and incubated in shaking condition at 120 rev/min at 37 °C for 7 days. After that the broth was centrifuged for 10 min at 10,000 rpm and 0.5 ml supernatant was added in 2.5 ml Barton's reagent then the volume was made up to 50 ml by adding distilled water, the flask was placed in dark for yellow color development. Finally, optical density was measured on UV--VIS spectrophotometer at 430 nm.

Standard solution of KH~2~PO~4~ with different concentrations (2 µg/ml) was prepared and processed in same way and standard curve was drawn for comparison to determine P solubilization in the bacterial culture supernatant.

2.4. Morphological and biochemical characterization {#s0030}
---------------------------------------------------

PSRB strains were grown on Luria Bertani agar ([@b0065]) for study of their morphological characteristics i.e. color, size, shape, texture and opacity under stereomicroscope while for observation of cell structure gram staining method was used ([@b0065]). Different biochemical tests such as catalase, macConkey's agar, Vogus proskur, Nitrate reduction, indole production, starch hydrolysis, citrate utilization and acid production by carbohydrates were performed according to Bergey's manual systematic ([@b0075]).

2.5. Optimization of PSRB strains at different physical factors {#s0035}
---------------------------------------------------------------

For optimization purpose, PSRB strains were grown in NBRIP broth at temperature (25 °C, 30 °C, 35 °C, 45 °C, 50 °C), pH (5,6,7,8,9), Carbon sources (Glucose, Sucrose, lactose, mannitole, fructose), Nitrogen sources (ammonium sulphate, Urea, ammonium nitrate, potassium nitrate, calcium nitrate) and incubated in shaking condition at 120 rev/min for seven days then phosphate solubilization estimated by same method as described above.

2.6. Quantitative estimation of acid and alkaline phosphatase {#s0040}
-------------------------------------------------------------

For phosphatase estimation, PSRB were grown in NBRIP broth in shaking condition 120 rev/min at 37 °C for 7 days. In 1 ml supernatant 4 ml universal buffer and 1 ml of p-nitrophenyl phosphate solution were added, vortex it for few seconds then incubated for 1 h in dark at room temperature. After that to stop the reaction 4 ml NaOH and 1 ml CaCl~2~ were added in it. The intensity of yellow color was measured at 410 nm on UV--VIS spectrophotometer ([@b0185]). Data were recorded as µm PNP/ml/hour.

For standard P-nitophenol solution was prepared with different concentrations and followed the same procedure as described above. Standard curve was formed between p-nitrophenol and bacterial culture p-nitrophenyl solution.

2.7. Plant growth promoting traits of PSRB {#s0045}
------------------------------------------

### 2.7.1. Auxin and siderophore production {#s0050}

For determination of auxin production, selected strains were grown in LB broth without L-tryptophane incubated in shaking condition 120 rev/min for 72 h at 37 °C. Bacterial cells were harvested by centrifugation at 10,000 rpm for 10 min. After centrifugation, supernatant was separated from pellet. 2 ml of supernatant was mixed with Salkowski reagent. Put it into dark for 60 min for color development. Finally, optical density measured at 535 nm by using UV spectrophotometer ([@b0070]).

For Siderophore production, Chrome azurol S dye (CAS) and nutrient agar prepared separately then autoclaved both solutions. After that mixed both solutions and poured in petri dishes after solidification of media stab test of selected strains was performed on it. After 3 days of incubation bacteria with orange zone was considered as positive ([@b0040]).

### 2.7.2. Ammonium and hydrogen cyanide production {#s0055}

For ammonium production, 10% peptone water was prepared, autoclaved and inoculated with selected strains. After 3 days of incubation, in 1 ml supernatant 0.5 ml Nessler's reagent was added. Appearance of yellow to orange color was considered as positive ([@b0105]).

For Hydrogen cyanide production, selected strains were streaked on L agar plates that were amended with 0.44% glycine after that soaked the filter paper in 2% Sodium carbonate and 0.5 ml picric acid solution, placed on the agar plate and sealed with para film then incubated for 72 h at 37 °C. Change in color of filter paper from yellow to brown consider as positive ([@b0020]).

2.8. Biocompatibility test {#s0060}
--------------------------

For determination of biocompatibility of selected strains, L agar plates were prepared and one strain was streaked as straight line while test strains line was drawn perpendicular of it, then the plates were incubated for 24--48 h at 37 °C. The growth of test strain that was inhibit at the intersection consider as bio-incompatible strain.

2.9. Plant microbe interaction {#s0065}
------------------------------

### 2.9.1. Seed germination assay {#s0070}

Certified seeds of Triticum aestivum (Var. Galaxy 2013) were obtained from "Punjab seed corporation Multan, Pakistan." Healthy seeds were washed with autoclaved water, sterilized with 0.1% HgCl~2~ for 5 min and again washed extensively with autoclaved water. Then these Seeds were soaked in NBRIP liquid bacterial culture and incubated at 37 °C for 30 min. For control seeds were soaked in un-inoculated NBRIP broth. After that these seeds were put in petri plates on wet filter paper and placed in dark for 3 days. After seed germination, plates were transferred in room with condition (16:8 light:dark) for seven days. Experiment was performed in duplicate and following parameters were measured i.e. seed germination, root and shoot length, no of roots and root hairs.

### 2.9.2. Root colonization assay {#s0075}

Five days grown old seedlings of *Triticum aestivum* were taken from petri plates and dipped into NBRIP bacterial culture for seven days then the roots were washed with autoclaved water for cleaning of loosely attached bacteria. Slide was prepared with acridine orange and bacterial colonization with root was observed under light microscope (LM).

### 2.9.3. Preparation of sodium alginate beads with bacteria as biofertilizer {#s0080}

For this purpose, Liquid cultures of selected strains were prepared in NBRIP medium in both single and consortium form. 2% sodium alginate solution was prepared and autoclaved. Then bacterial culture mixed with sodium alginate solution and stirrer for 1 h. After that suspension was taken in syringe and drop wise added in CaCl~2~ solution, alginate beads were formed, stirrer it for 30 min. Filtered the beads, washed with water and dried. The viability of bacteria in alginate beads was determined as cfu/ml ([@b0025]).

### 2.9.4. Treatments used for pot experiment in duplicate {#s0085}

The experimental plan was based on following treatments: Pot1-WumS-3; Pot2-WumS-4; Pot3-WumS-5; Pot4-WumS-11; Pot5-WumS-12; Pot6-WumS-21; Pot7-WumS-24; Pot8-WumS-25; Pot9-WumS-26; Pot10-WumS-28; Pot 11-WumS-3 + WumS-4 + WumS-5, WumS-11 + WumS-12; Pot 12-WumS-21 + WumS-22 + WumS-24 + WumS-25 + WumS-28; Pot 13-all PSRB strains; Pot 14-control(un-inoculated).

### 2.9.5. Laboratory and field pot experiment {#s0090}

Before sowing the seeds soil analysis was done then soil was autoclaved and filled in pots.

For lab pot experiment, 200 g soil were filled in each plastic pot. To determine the effect of direct inoculum, sterilized seeds of wheat were dipped in NBRIP bacterial culture for 30 min at 37 °C. After that 5 seeds were sown in each pot at 2 cm depth in soil. For control un-inoculated seeds were also sown in same manner. To determine the effect of alginate bead biofertilizer treatment, the seeds were sown with 3 beads/seed in pot. After 15 days of emergence the plants were thinned out and growth parameters were measured.

For field pot experiment, 5 kg soil was filled in each pot and 15 seeds/pot were sown as described above for lab experiment. Plants were watered properly in equal manner. After 100 days when wheat was fully matured was harvested. For validation of results all experiment was conducted in duplicate. Following growth parameters such as seed germination percentage, root and shoot length, fresh and dry weight of root and shoot were measured.

### 2.9.6. Statistical analysis {#s0095}

Data were analyzed by using SPSS software, version 16.0. Comparison of means were made by Duncan's multiple range test (P ≤ 0.05).

3. Results {#s0100}
==========

3.1. Physiochemical analysis of rhizospheric soil samples {#s0105}
---------------------------------------------------------

Mostly soil samples were collected from cultivated areas and some samples were collected from non-cultivated areas. The soil samples that collected from Multan and Vehari showed loamy texture but the soil collected from Bhawalpur, Khnewal and Muzaffargarh showed sandy loam texture while Lodhran and Shujabad soil have loamy clay texture. Due to different locations, variation in temperature was also observed. The minimum temperature was 25 °C and maximum temperature was 40 °C. The pH of mostly soil samples were neutral but some rhizospheric soil samples showed acidic and alkaline pH. The electric conductivity values of soil varied from 2.1 to 4.5 dSm^−1^.

3.2. Qualitative and quantitative screening of PSRB {#s0110}
---------------------------------------------------

Total 30 strains were isolated, maximum 20% strains were isolated from Multan, 10% from Bhawalpur while 13.33%, 10%, 16.66%, 16.66%, 13.30% strains were obtained from Lodhran, Shujabad, Khanewal, Muzaffargarh and Vehari respectively on the basis of clear halo zone formation around colonies ([Fig. 1](#f0005){ref-type="fig"}). Out of these only 10 strains were selected on the basis of their high phosphate solubilization index (PSI) ([Table 1](#t0005){ref-type="table"}). In NBRIP broth phosphate solubilization activity of selected strains was varied from 30 to 246 µg/ml using tricalcium phosphate as a source of insoluble P. The PS activity accompanied by decreased in medium pH ([Fig. 2](#f0010){ref-type="fig"}). No direct correlation was observed between 'P' solubilizing activity in solid and liquid assay.Fig. 1Percentage of isolated strains exhibiting P solubilizing ability from different regions of Punjab.Table 1Selected PSRB strains on the basis of phosphate solubilization index (PSI).Plant nameIsolated strainsColony diameter (mm)Halo zone diameterSolubilization Index = C + Z/CLocation*Cicer arietinum*WumS-33.220.67.43Multan*Cicer arietinum*WumS-42.515.87.3Multan*Cicer arietinum*WumS-51.45.55.3Multan*Vigna radiata*WumS-111.497.42Lodhran*Colocasia esculenta*WumS-121.78.56.0Lodhran*Oryza sativa*WumS-211.89.26.1Kahanewal*Vigna radiate*WumS-241.56.95.60Muzaffargrrh*zea mays*WumS-251.35.85.46Muzaffargrrh*zea mays*WumS-261.27.77.4Muzaffargrrh*Allium cepa*WumS-281.27.77.41VehariFig. 2Quantitative estimation of P solubilization in NBRIP broth by selected PSRB accompanying with change in pH.

3.3. Morphological and biochemical characterization {#s0115}
---------------------------------------------------

10 selected PSRB strains were gram negative, motile and non-spore forming while their colony size varied from 0.5 mm to 0.8 mm and color of colony were mostly white ([Table 2](#t0010){ref-type="table"}). All strains grow on macConkey's agar and gave positive result except WumS-12. The catalase and citrase test were positive for all strains. Production of indole was positive for all strains except WumS-11 but most of the strains showed negative results for VP test while acid production by sugar utilization showed positive results for most of strain.Table 2Morphological and biochemical characterization of PSRB strains.Morphological and biochemical characterizationSelected PSRB strainsWums-3Wums-4Wums-5Wums-11Wums-12Wums-21Wums-24Wums-25Wums-26Wums-28Biochemical testSize(mm)3.22.51.41.42.71.81.51.31.21.2Colony morphologyC,W,E,F,D,OC,W,E,F,Mu,OI,W,U,CO,Mo,OC,PY,E,R,D,OC,W,E,R,Mo,TI,PY,L,R,Mo,OC,OW,E,R,D,OI,PY,L,R,Mu,OI,W,U,CO,Mu,OI,OW,U,CO,MO,OGram stainig−−−−−−−−+−Spore staining−−−−−−−−+−MacConkey\'s agar++++++++−+Catalase test++++++++++Motility++++++++++Indole Production+++−++++++Citrase test++++++++++Methyl red test+++++−+−−+Voges Proskauer test+++−−+−−−+Starch hydrolysis+−−+−+++−−Nitrate reduction+++−−−+−++  Acid production from different sugarsGlucose++++++++++Sucrose+−+++++−++Lactose+−++++++++Mannitole+−+−+−++++Maltose+−++++++++[^1]

3.4. Optimization of PSRB at different pH, temperature, carbon sources and nitrogen sources {#s0120}
-------------------------------------------------------------------------------------------

The optimum pH was 5--7 at which all the strains showed maximum phosphate solubilization activity. The highest Phosphate solubilization at pH 7 was 105 µg/ml and least 25 µg/ml ([Fig. 3](#f0015){ref-type="fig"}a). The optimum temperature was 35 °C at which all strains solubilize phosphate but the solubilization efficiency was decreased with increase in temperature 40--50 °C because only few bacteria can survive at high temperature ([Fig. 3](#f0015){ref-type="fig"}b).Fig. 3Optimization of PSRB strains at different physical factors: (a) pH factor, (b) Temperature factor, (c) Carbon sources, (d) Nitrogen sources.

Glucose is the most beneficial carbon source at which all the strains showed maximum (30--120 µg/ml) phosphate solubilization while sucrose and lactose showed medium (15--25 µg/ml) and mannitole indicated minimum (5--20 µg/ml) phosphate solubilization efficiency ([Fig. 3](#f0015){ref-type="fig"}c). Different nitrogen sources also effects on the solubilization ability of selected strains. Ammonium nitrate is the best nitrogen source for hydrolysis of phosphate by all strains while urea is the least utilizable by PSRB strains ([Fig. 3](#f0015){ref-type="fig"}d).

3.5. Estimation of alkaline and acid phosphatase {#s0125}
------------------------------------------------

The highest production of acid phosphatase was indicated by WumS-11 (45 µM PNP ml^−1^ h^−1^) and least by WumS-28 (15 µM PNP ml^−1^ h^−1^) while in case of alkaline phosphatase enzyme production WumS-11 produced lowest quantity 10 µM PNP ml^−1^ h^−1^ and WumS-28 produced high quantity 25 µM PNP ml^−1^ h^−1^ of phosphatase enzyme ([Fig. 4](#f0020){ref-type="fig"}).Fig. 4Acid and alkaline phosphatase enzyme production by PSRB strains in NBRIP media.

3.6. Plant growth promoting activities and biocompatibility of PSRB {#s0130}
-------------------------------------------------------------------

Selected PSRB strains were tested for their plant growth promoting abilities ([Table 3](#t0015){ref-type="table"}). All the strains have ability to produce IAA except WumS-11. The highest IAA 120 µg/ml produced by WumS-3 and lowest IAA 25 µg/ml produced by WumS-25. All strains give positive results for ammonium production. Except for WumS-25, mostly strains produced hydrogen cyanide and siderophore. All the strains were biocompatible with each other.Table 3PGP activities and biocompatibility of selected PSRB strains.StrainsAuxin production (µg/ml)Siderophore productionAmmonia productionHCN productionBiocompatibility testWumS-3120 (+++)+++++(++)+WumS-440 (+)++++(+)+WumS-530(+)−+++(++)+WumS-11−++−+WumS-1220 (+)++−+WumS-2140 (+)+++++(+)+WumS-2430 (+)++−−+WumS-2525 (+)−++−+WumS-2650 (++)++(+++)+WumS-28100 (+++)++(++)+[^2]

3.7. Seed germination assay on petri dish {#s0135}
-----------------------------------------

Phosphate solubilizing rhizobacteria led significant increase (P \< 0.05) in seed germination, root length, shoot length, number of roots and root hairs of wheat ([Fig. 5a](#f0025){ref-type="fig"}, [Fig. 5b](#f0030){ref-type="fig"}). Seed germination increase 65--90% as compared to control. The inoculation of consortium caused the maximum increase (76.19%) in root length followed by WumS-12 strain (73.80%), WumS-21 (69.04%) and WumS-3 (45.23%) when compared with that of non-inoculated seedlings. On comparing shoot length percentage with control, we observed that co-inoculum of all strains showed significant increase in shoot length (98.61%) followed by WumS-12 (97.22%), WumS-21 (91.66%) and WumS-3(83.33%). The number of roots were also affected by inoculated strains WumS-4 added more root number (91.66%) as compared to control ([Table 4](#t0020){ref-type="table"}).Fig. 5aEffect of PSRB strains on root and shoot length in Petri dish; in (a) root length and in (b) shoot length of control seedling compared with inoculated seedling.Fig. 5bEffect of PSRB strains on seed germination percentage of wheat in petri dish; Values are the mean of n = 5; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05).Table 4Effect of PSRB strains inoculum on different parameters of wheat in petri dish.StrainsRoot length (cm)Shoot length (cm)No of rootsRoot hairsRoot colonizationControl8.4 ± 0.40^a^7.2 ± 0.48^a^4.8 ± 0.20^a^++WumS-312.2 ± 0.37^e^13.2 ± 0.97^f^6.0 ± 0.00^c^++++WumS-49.6 ± 0.24^b^11.6 ± 0.82^d^6.8 ± 0.20^c^+++WumS-511.2 ± 0.48^d^12.4 ± 0.24^e^9.2 ± 0.80^f^++++++WumS-118.6 ± 0.249.6 ± 0.24^b^5.8 ± 0.20^b^++++++WumS-1214.6 ± 0.24^f^14.2 ± 0.20^g^6.0 ± 0.01^c^++++++WumS-2114.2 ± 0.37^f^13.8 ± 0.20^f^5.4 ± 0.40^b^++++WumS-249.7 ± 0.44^b^9.8 ± 0.20^b^5.6 ± 0.24^b^++++++WumS-2511.4 ± 0.24^d^10.4 ± 0.24^c^9.0 ± 0.03^f^++++++WumS-2610.4 ± 0.24^c^11.6 ± 0.24^d^6.8 ± 0.20^c^++++WumS-289.8 ± 0.31^b^14.3 ± 0.24^g^6.20 ± .20^c^++++++Consortium 3,4,5,11,12 strains14.4 ± 0.24^f^13.8 ± 0.48^f^8.8 ± 0.20 ^e^++++++Consortium 21,24,25,26, 28 strains12.4 ± 0.24^e^13.2 ± 0.73^f^7.6 ± 0.40 ^d^++++++Consortium all strains14.8 ± 0.20^f^14.3 ± 0.80^g^8.0 ± 0.00 ^e^++++++[^3]

3.8. Light microscopy and root colonization {#s0140}
-------------------------------------------

Proliferation of root hairs of PSRB inoculated *Triticum aestivum* seedlings was observed under light microscope. Inoculation of PSRB strains have pronounced effect on root hairs growth as compared to control. Majority of the strains WumS-5, WumS-11, WumS-12, WumS-24, WumS-25, WumS-28, Consortium 3--12 strains, consortium 21--28 strains, consortium of all strains showed strong (+++) effect on root hairs length, and WumS-3, WumS-4, WumS-26 showed medium (++) effect on root hairs length as compared to control ([Table 4](#t0020){ref-type="table"}).

The results of root colonization assay showed that bacteria were successfully attached with roots. In keeping view under microscope the strains divide into three categories i.e. weak, medium and strong root colonizer. So WumS-12, WumS-25, WumS-26 and WumS-28 showed strong root colonization while WumS-3, WumS-5, WumS-21, WumS-24 were medium and WumS-4 were weak root colonizers ([Table 4](#t0020){ref-type="table"}).

3.9. Effect of PSRB inoculum on *Triticum aestivum* in laboratory conditions {#s0145}
----------------------------------------------------------------------------

PSRB based biofertilizer led the significant (P \< 0.05) effect on growth parameters of *Triticum aestivum such as* decrease seed germination date while increase shoot, root length and biomass of *Triticum aestivum*. With direct inoculum of PSRB, Strains WumS-12, WumS-25 and consortium of all strains gives 80% growth as compare to control while strain WumS-3 and WumS-11 90% increase seed germination rate ([Fig. 6a](#f0035){ref-type="fig"}). Maximum length of root was 16 cm and maximum length of shoot was 29 cm in single strain inoculum but in consortium based inoculum it was observed that 18 cm root and 24 cm shoot length increased that was 90% greater than control ([Table 5a](#t0025){ref-type="table"}). With alginate beads biofertilizer, strains WumS-3 and WumS-12 given 85% increase in seed germination as compare to control but in consortium of all strains in alginate beads showed no better effect as compare to control. Single strain inoculum given maximum increase in length of root 15 cm and maximum length of shoot 28 cm, in consortium of all strains 16 cm root and 29 cm shoot increased that was 80% greater than control. If we see the biomass of root and shoot it was also remarkably increased as compared to control ([Table 5b](#t0030){ref-type="table"}).Fig. 6aEffect of PSRB with and without alginate beads on seed germination in laboratory conditions; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05).Table 5aEffect of PSRB direct inoculum (without alginate beads) on growth of wheat in laboratory.StrainsDirect a inoculumR.LS.LF.R.WF.S.WD.R.WD.S.WControl9.8 ± 1.2^a^15.2 ± 0.7^a^0.110 ± 0.1^a^0.160 ± 0.2^a^0.077 ± 0.1^a^0.112 ± 0.3^a^WumS-313.8 ± 1.2^d^25.0 ± 2.9^e^0.175 ± 0.0^f^0.195 ± 0.3^d^0.105 ± 0.0^b^0.150 ± 0.00^ef^WumS-419.0 ± 0.5^h^23.2 ± 1.2^c^0.189 ± 0.2^g^0.182 ± 0.1^c^0.140 ± 0.2^d^0.132 ± 0.01^c^WumS-515.8 ± 0.4^e^25.0 ± 0.3e0.147 ± 0.2^d^0.178 ± 0.1^b^0.109 ± 0.4^b^0.120 ± 0.01^b^WumS-1116.6 ± 0.4^f^28.0 ± 0.2^i^0.182 ± 0.0^g^0.188 ± 0.4^c^0.115 ± 0.0^c^0.118 ± 0.00^a^WumS-1213.6 ± 1.1^d^25.0 ± 1.0e0.154 ± 0.1^e^0.342 ± 0.1^f^0.110 ± 0.1^bc^0.200 ± 0.01^f^WumS-2115.8 ± 0.2^e^21.6 ± 0.6^b^0.159 ± 0.1^e^0.190 ± 0.5^d^0.112 ± 0.4^c^0.113 ± 0.00^a^WumS-2416.2 ± 0.7^f^27.6 ± 0.6^g^0.156 ± 0.1^e^0.161 ± 0.1^a^0.100 ± 0.7^b^0.117 ± 0.01^a^WumS-2512.2 ± 0.5^c^24.6 ± 0.4^d^0.136 ± 0.0^c^0.162 ± 0.1^a^0.102 ± 0.9^b^0.115 ± 0.01^a^WumS-2611.4 ± 0.2^b^29.2 ± 0.4^j^0.187 ± 0.2^g^0.167 ± 0.2^a^0.113 ± 0.3^c^0.130 ± 0.02^c^WumS-2813.6 ± 0.4^d^27.0 ± 0.3^g^0.125 ± 0.0^b^0.224 ± 0.1^e^0.101 ± 0.3^b^0.134 ± 0.01^c^Consortium 3,4,5,11,12 strains13.2 ± 0.7^d^29.0 ± 0.6^j^0.234 ± 0.3^hi^0.192 ± 0.1^d^0.178 ± 0.5^f^0.122 ± 0.01^b^Consortium21,24,25,26,28 strains18.8 ± 0.4^g^24.0 ± 0.2^d^0.213 ± 0.1^hi^0.233 ± 0.1^e^0.150 ± 0.6^de^0.112 ± 0.01^a^Consortium all strains16.6 ± 0.2^f^29.4 ± 0.5^j^0.206 ± 0.1^h^0.234 ± 0.1^e^0.104 ± 0.2^b^0.140 ± 0.01^e^[^4]Table 5bEffect of PSRB based alginate beads on growth of wheat in laboratory.StrainsAlginate beadsR.LS.LF.R.WF.S.WD.R.WD.S.WControl8.5 ± 0.4^a^14.2 ± 0.7^a^0.120 ± 0.0^a^0.131 ± 0.2^a^0.104 ± 0.06^a^0.100 ± 0.02^a^WumS-314.8 ± 0.4^e^22.8 ± 1.1^c^0.169 ± 0.1^c^0.175 ± 0.1^d^0.115 ± 0.00^ab^0.120 ± 0.01^bc^WumS-414.4 ± 1.1e25.6 ± 0.8^e^0.170 ± 0.0^d^0.167 ± 0.0^c^0.123 ± 0.00^c^0.114 ± 0.00^b^WumS-513.2 ± 0.7^d^27.0 ± 0.5^g^0.167 ± 0.0^c^0.183 ± 0.1^e^0.105 ± 0.00^a^0.111 ± 0.01^b^WumS-1112.8 ± 0.3^c^22.8 ± 0.7c0.167 ± 0.1^c^0.185 ± 0.0^e^0.112 ± 0.01^ab^0.124 ± 0.00^bc^WumS-1210.8 ± 0.8^b^19.4 ± 0.5^b^0.182 ± 0.0^e^0.178 ± 0.2^d^0.108 ± 0.00^a^0.110 ± 0.00^a^WumS-2113.0 ± 0.8^d^22.6 ± 0.6^c^0.172 ± 0.1^d^0.178 ± 0.1^d^0.103 ± 0.01^a^0.100 ± 0.01^a^WumS-2412.6. ± 0.6^c^19.6 ± 0.8b0.123 ± 0.1^a^0.196 ± 0.1^f^0.109 ± 0.01^a^0.115 ± 0.01^b^WumS-2515.2 ± 0.7^f^23.0 ± 0.2d0.156 ± 0.0^b^0.157 ± 0.1^b^0.108 ± 0.00^a^0.105 ± 0.01^a^WumS-2612.6 ± 0.2^c^26.8 ± 0.9^f^0.158 ± 0.2^b^0.168 ± 0.1^c^0.123 ± 0.02^c^0.113 ± 0.01^b^WumS-2812.0 ± 0.3^c^27.2 ± 0.8^g^0.183 ± 0.1^e^0.194 ± 0.1^f^0.116 ± 0.01^ab^0.100 ± 0.01^a^Consortium 3,4,5,11,12 strains15.8 ± 0.4^f^25.4 ± 0.8^e^0.166 ± 0.1^c^0.159 ± 0.1^b^0.109 ± 0.01^a^0.112 ± 0.01^b^Consortium 21,24,25,26,28 strains12.0 ± 0.4^c^26.2 ± 0.4^f^0.181 ± 0.0^e^0.175 ± 0.3^d^0.113 ± 0.00^ab^0.102 ± 0.03^a^Consortium all strains13.4 ± 0.4^d^27.0 ± 0.2^g^0.197 ± 0.1^ef^0.203 ± 0.1^e^0.106 ± 0.01^a^0.120 ± 0.01^bc^[^5]

3.10. Effect of PSRB inoculum on *Triticum aestivum* in natural conditions {#s0150}
--------------------------------------------------------------------------

In natural condition experiment, the seed germination percentage increase 20--80% as compared to control ([Fig. 6b](#f0040){ref-type="fig"}). The Phosphate solubilizing rhizobacterial inoculum increased 5--34.8% shoot length as compared to control while 5--96% increase in seed weight was also observed. WumS-3, Wums-5 and consortium of strains were more effective than other strains in field condition but in comparison with non-inoculated all strains showed effective growth of plant ([Table 5c](#t0035){ref-type="table"}). The rhizobacterial strains also showed good effects on spike length and seed weight.Fig. 6bEffect of PSRB inoculum on seed germination in natural conditions, n = 10; Data was expressed with standard error of means, The significant difference among different PSRB strain and control seeds was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05).Table 5cEffect of PSRB strains on wheat with and without alginate beads in natural conditions.StrainsShoot length before alginate beadsShoot length after alginate beads inoculation7 days14 days21 days28 days42 days56 days100 daysControl7.5 ± 1.1^a^12.6 ± 0.5^a^13.8 ± 0.6^a^15.5 ± 0.5^a^20.5 ± 0.5^a^23.5 ± 0.8^a^36.2 ± 0.3^a^WumS-313.6 ± 1.1^fg^19.7 ± 1.4^h^21.6 ± 2.1^f^24.2 ± 0.9^i^32.2 ± 0.4^g^37.0 ± 0.8^h^45.8 ± 0.6^h^WumS-411.05 ± 0.8^b^16.4 ± 0.5^d^18.6 ± 0.8^bc^21.4 ± 0.6^e^28.7 ± 1.0^e^34.5 ± 1.0^f^37.5 ± 1.1^b^WumS-515.1 ± 0.1^h^16.0 ± 0.4^d^18.4 ± 0.5^b^23.3 ± 0.2^g^43.6 ± 0.4^i^40.2 ± 0.6^j^46.7 ± 0.9^i^WumS-1112.9 ± 0.8^e^15.5 ± 1.0^bc^18.5 ± 0.4^b^21.5 ± 0.5^e^29.0 ± 0.1^ef^33.1 ± 0.3^f^46.5 ± 0.8^i^WumS-1212.4 ± 0.7^d^17.6 ± 0.5^f^19.4 ± 0.4^d^20.5 ± 0.7^cd^27.5 ± 0.6^d^30.2 ± 1.4^c^38.2 ± 0.7^c^WumS-2113.1 ± 0.9^ef^17.0 ± 1.0^ef^18.0 ± 0.8^b^19.3 ± 0.8^b^25.4 ± 0.2^b^35.6 ± 07^g^41.1 ± 0.8^e^WumS-2413.2 ± 1.0ef14.8 ± 0.7^b^19.1 ± 0.9^d^20.6 ± 0.4^d^25.9 ± 0.9^b^30.1 ± 0.5c38.1 ± 0.4cWumS-2511.9 ± 0.8c17.4 ± 0.4ef18.6 ± 0.5bc20.7 ± 0.2^d^26.0 ± 0.8^c^28.9 ± 0.3^b^38.5 ± 0.28cWumS-2612.4 ± 0.5d18.6 ± 0.6^g^19.6 ± 0.4^de^22.2 ± 1.6^ef^27.2 ± 1.0^d^33.2 ± 0.8^f^40.1 ± 0.28^d^WumS-2813.4 ± 1.1^f^16.9 ± 0.9^de^19.1 ± 0.6^d^20.2 ± 0.8^cd^27.1 ± 0.9^d^39.1 ± 1.0^i^42.7 ± 0.37^f^Consortium 3,4,5,11,12 strains13.6 ± 0.6^f^15.6 ± 0.5^bc^18.0 ± 0.7^b^19.0 ± 0.9^b^27.7 ± 0.3^d^31.0 ± 0.9^d^45.9 ± 0.2^g^Consortium 21,24,25,26,28 strains12.3 ± 0.2^d^16.6 ± 1.3^d^18.6 ± 0.9^bc^19.9 ± 0.8^bc^29.4 ± 0.6^f^32.4 ± 0.7^e^43.2 ± 0.3^fg^Consortium all strains15.3 ± 0.9^h^17.3 ± 0.9^ef^19.6 ± 0.5^de^23.8 ± 0.9^gh^37.0 ± 0.7^h^37.9 ± 0.6^h^48.1 ± 0.2^j^[^6]

4. Discussion {#s0155}
=============

The excessive use of chemical fertilizers in agriculture field makes a country self-dependent in food production but causes worse effects on soil health, environment, economy and also harmful for living beings. Another adverse effect of increased use of fertilizers is that an important nutrients like phosphorus become unavailable for plant uptake without this fact that large amount of P is present in soil. To solve this problem, bio-agents i.e. plant growth promoting rhizobacteria or biofertilizers play an important role in providing nutrients and other necessary plant growth promoting substances without disrupting the agro-ecosystem and environment ([@b0205]).

In present study total 30 strains were isolated from different rhizospheric soil samples on the basis of clear halo zone formation around bacterial colonies on NBRIP agar plates and only those strains were selected that showed high phosphate solubilization index 4--7 PSI. The result was in accordance with ([@b0165]) and ([@b0155]) as phosphate solubilizing bacteria were selected on the basis of halo zone formation and measure solubilizing index 3.0-4SI or 1.85--2.88SI respectively. Accompanying this Phosphate solubilization activity of selected isolates varied from 30 to 246 µg/ml in NBRIP broth. The results of this analysis were in accordance with previous studies ([@b0155]), as soluble P range 41.20--119.95 µg/ml in NBRIP medium. After that selected PSRB strains were characterized morphologically, physiologically and biochemically. Most of the strains were gram negative cocci or rods and some of strains were gram positive rods. It is according to the study of ([@b0085]) as different forms of bacteria i.e. bacilli, cocci and spiral are found in soil and important property of gram negative bacteria is mineralization of phosphate. The present investigation that 83.33% strains were gram negative is the agreement with the study of ([@b0135]), as 90% PSRB strains were gram negative. The ability of phosphate solubilization also varied with environmental conditions. So, in this study optimization of selected strains were also done at different physical factors. The optimum temperature was 35 °C but all strains also survived at higher temperature 40--45 °C while optimum pH5-7, best nitrogen and carbon sources ammonium nitrate and glucose respectively. It showed that selected strains had ability to survive in harsh environmental conditions. The results are agreement with research of ([@b0170], [@b0135]) as all the strains can solubilize P at 37 °C, optimum pH 5--7, best nitrogen and carbon source are ammonium and glucose. Plant growth promotion by bacteria is a complex phenomenon and it can be achieved by activities of more than one PGP traits that performed by associated bacterium. Therefore, selected PSRB strains were further evaluated for plant growth promoting activities and results showed that maximum IAA production 120 µg/ml was exhibited by WumS-3 while WumS-4 and WumS-21 was the good producer of siderophore. Similarly, the strains WumS-3 and WumS-5 exhibited very good production of ammonia while WumS-26 had very high HCN production ability. So, if we see according to their percentage, 83.33% strains had auxin and ammonia producers while 66.66% strains had HCN and siderophore producers. All these characteristics of PSRB help in plant growth promotion and make them able to survive in harsh environmental conditions and earlier researcher already explained that single strain of phosphate solubilizing bacteria exhibited multiple PGP traits ([@b0165]). These results are closely related to the study ([@b0225]), as 61.5% strains were auxin and 46.2% strains were siderophore producers. It also revealed from the study of ([@b0165]) as 95% strains IAA producer, 100% strains produce siderophore and 67.5% strains were HCN producers.

We can implement the soil microorganisms i.e. PS bacteria in single or in consortium form as an alternative of costly chemical fertilizer in agriculture field ([@b0100], [@b0220], [@b0045], [@b0175], [@b0090]). So, after isolation and characterization of PSRB strains on the basis of multifarious plant growth promoting abilities, we applied these strains inoculum on *Triticum aestivum* and check their effect under laboratory and field conditions. We investigate the Phosphate solubilizing rhizobacteria led the significantly (P \< 0.05) increase root, shoot length and number of roots of *Triticum aestivum*.

In lab condition, the PSRB strains showed 80--90% increase in seed germination while 10--95% increase in root length and shoot length as compared to control. Under natural conditions 80--96% increase in seed germination, in shoot length 5--34.8% increased while 5--96% increase in seed weight was observed. WumS-3, Wums-5 and consortium of strains was more effective than other strains in field condition but in comparison with non-inoculated all strains showed significant growth of plant. Many researchers also demonstrated that PSB could improve growth of wheat plant and other crops ([@b0005]). Increases in plant root and shoot biomass were observed in different crops in response to PGPR bacteria as witnessed in this study ([@b0190], [@b0195], [@b0200]). Another researcher also performed the field study and checked the consequence of PS bacteria on wheat and revealed that inoculum of PSB strains with and without P fertilizers caused significant effect on growth parameters of wheat i.e. Numbers of tillers, length of spike, grain yield and grain weight ([@b0010]).

In this study we were able to isolate such phosphate solubilizing rhizobacteria which can promote plant growth from local rhizospheric soil samples. They improve soil fertility and productivity. Phosphate solubilizing activity varied between the PS strains. But they have potential to increase various growth parameters of *Triticum aestivum*. Most beneficial strains were WumS-3, WumS-4, WumS-5 and co inoculum of all strains that could be used as bio-inoculants for good growth and yield of wheat plant. However, further research is required to explore their potential as biofertilizer and genetic stability.
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[^1]: Symbols: C = circular; I = irregular; W = white; OW = off white; PY = pale yellow; E = entire; L = lobate; U = undulate; F = flat; CO = convex; R = raised; D = dry; Mu = mucoid; Mo = moist; D = Dry; O = opaque; + = positive; − = negative.

[^2]: Symbols: + = weak positive, ++ = medium positive, +++ = strong positive, − = negative no color.

[^3]: Values are the mean of n = 5; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05). Symbols: + = Positive, ++ = medium positive, +++ = strong positive.

[^4]: Values are the mean of n = 5; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05). Symbols: L.R: length of root; L.S = length of shoot; D.W.R = dry weight of root; D.W.S = dry weight of shoot.

[^5]: Values are the mean of n = 5; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05). Symbols: L.R: length of root; L.S = length of shoot; D.W.R = dry weight of root; D.W.S = dry weight of shoot.

[^6]: Values are the mean of n = 10; Data was expressed with standard error of means, The significant difference among different PSRB strain and control plants was expressed as different letters by using Duncan's multiple range test, sharing the same letter do not differ significantly at the means of (P \< 0.05).
